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ABSTRACT  The apparatus and technique used in the preparation and observa- 
tion  of explants  of brain  tissue  capable  of producing  spontaneous  potentials 
in  vitro  are  described.  The  magnitude  and  pattern  of spontaneous  potentials 
from explants  of telencephalon of 15 day chick embryos (measured using ex- 
ternal  bare platinum electrodes) and some aspects of their "normal"  behavior 
during  12 days in vitro are also described. No change was noted in these poten- 
tials with  change  of amplifiers,  recorders,  or electrodes.  The  response  of the 
potentials  to  change  in  temperature  and  proportionate  composition  of the 
atmosphere around the explant was such as to suggest that the potentials arise 
as a result of a living process. The changes brought about by the administration 
of anesthetics,  strychnine,  brucine,  and barbiturates were those that might  be 
anticipated  in a  normal functional activity of the central  nervous system. It is 
concluded that these potentials are a true physiological phenomenon and arise 
from living cells of the central nervous system. 
In  1959,  spontaneous  potentials  were  first  demonstrated  from  explants  of 
chick cerebellum in  vitro  (1).  These potentials  differ in magnitude  and  time 
parameters  from  previously reported,  non-spontaneous,  resting,  and  evoked 
potentials in nervous tissue  (9-13).  Since  1959, qualitative observations have 
been  made  on  reactions  of  the  spontaneous  potentials  from  explants  of 
telencephalon of 14 and  15 day chick embryos in response to various environ- 
mental  changes  (14-16).  Representative  examples  of further  series  of such 
observations  of the  effect of environmental  changes  on  these  potentials  are 
presented in this paper. The results to be described show that they represent a 
genuine biological phenomenon. 
APPARATUS 
In the culture tube (Fig.  I), the explant  (F) is placed between a  36 gauge metallic 
platinum  electrode (B) and  a  cellulose  sponge (G)  both of which are attached to a 
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coverglass  with  diatex  (a  modified  acrylic  acid  compound)  (17).  The  coverglass 
rests on the bottom of a  9 ml flat bottomed glass test tube containing 2 ml of nutrient 
fluid into which a  36 gauge platinum reference electrode (A) dips (similar character- 
istic patterns of potentials have been obtained from explants of the various areas of 
the  brain  using  agar  gel,  gold,  and  tungsten  electrodes  in  place  of platinum  elec- 
trodes).  The  sponge keeps the  explant  above the  surface  of the  nutrient  fluid  and 
prevents  the  electrical  artifacts  that  arise  when  ripples  strike  the  explant.  It  also 
provides the  explant  with  a  satisfactory moist environment, while  the  large surface 
FIOURE  1.  The  culture  tube  de- 
signed  to  hold  the  explants  of 
brain tissue in vitro. 
area of fluid it exposes to the atmosphere allows a  greater exchange of gases between 
the atmosphere and the nutrient fluid than would be possible with a  simple meniscal 
surface. The nutrient fluid reaches the explant by diffusion through the  sponge and 
has the following composition: 
Potassium chloride  0.28 grn/litre 
Sodium chloride  7.0  .... 
Calcium chloride  0.28  .... 
Magnesium sulfate  0.15  "  " 
Disodium hydrogen phosphate  0.08  .... 
Dipotassium hydrogen phosphate  0.04  "  " 
Sodium bicarbonate  1.05  .... 
Sodium acetate  0.05  "  " 
Dextrose  1.75  .... 
Human serum protein (added as  2.5  "  " 
bulk human serum) 
Water to  1 liter A. W. B. CUNNINOHAM  Spontaneous Potentials from Brain  Tissue in Culture  Io6  7 
Continuing  embryonic  development  of the  explant  is  likely  to  cause  significant 
changes  in  its function,  and  although  it probably cannot  be totally prevented,  em- 
bryonic extract which might encourage it has been omitted from the nutrient fluid. 
The  tube  is closed by a  red  rubber  stopper through  which  two fine  teflon tubes 
(C and D) pass, one allowing change of atmosphere and the other, exchange of fluid. 
E  is an air vent with a  bacterial filter to prevent pressure changes in the tube.  The 
whole  apparatus is carefully sterilized  and  absence  of infection depends  on  asepsis, 
since no antibiotics are used. 
Floum~  2.  Photograph of oscilloscopic tracing (frequency response  up to 2,000  cycles 
per second)  of the fastest discharge yet seen as part of the spontaneous potentials from 
an explant of 14 day chick embryo telencephalon after 3 days in vitro. Vertical lines are 
0.1  second apart and separation of horizontal lines corresponds to 71/.'~ microvolts.  Posi- 
tive deflections are upward. 
The  electrodes  are  coupled  to  a  Grass  model  3  preamplifier,  then  to  a  driver 
amplifier suitable  for a  Texas  Instruments rectilinear  recording  milliammeter  (rec- 
tiriter).  The frequency response using the rectiriter is less than  1 cycle per second to 
5  cycles  per  second.  When  the  tektronix  502  oscilloscope  is  used  in  place  of the 
rectiriter, the frequency response to rises to 2,000 cycles per second. The culture tube 
and  preamplifier are  kept  in  a  well  shielded  incubator  at  371/~°C  to  help  prevent 
thermal agitation in the preamplifier and  to exclude external electrical interference. 
Change of amplifying and recording apparatus makes no difference in the appearance 
of the spontaneous potentials since three different amplifying and recording systems 
(the above, a Model 5 Grass polygraph, and a Model 5 Grass electroencephalograph) 
in different buildings and at different levels give the  same amplitude and pattern of 
potentials from the same explant. 
EXPLANTATION  TECHNIQUE 
A  successful dissection technique depends on:  (a)  Speed.  (b)  Cooling the area of the 
brain to be used before and during dissection by washing it gently with nutrient fluid io68  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  • VOLUME  45  •  1962 
at room temperature  (18°C).  A  stream of cool nutrient fluid is used to separate the 
excised portion of brain (the explant) from the bulk of the brain. The explant is trans- 
ferred into cool nutrient fluid  in a  Petri dish for a  short time before it is placed be- 
tween the electrode and the sponge.  (c) Limiting the number of incisions made into 
the brain.  If possible,  only one incision planned to produce the final explant should 
be used. 
Several other precautions have been taken,  though their value is less definite.  (a) 
Only embryos seen to move their limbs are used.  (b) The umbilical cord is clamped 
FIGURE 3.  A and B, the  typical  pattern of spontaneous  potentials  from an explant of 
15 day chick embryo telencephalon after 4 days in vitro. C, artifact.  Calibrations  as noted 
in the figure. Positive deflections are upward.  Material  used for control was an explant 
of brain tissue previously inactivated  by exposure to a  temperature  of 50°C.  It had a 
cultural  and amplification  system identical  to that used for the active explant. 
as  the embryo is removed from the egg to prevent loss  of blood.  (c)  The meninges 
are removed from the explant before transferring to the sponge (usually they will float 
off as the explant ties  in a  Petri dish containing cool nutrient fluid).  (d) The area of 
brain  to be used  is kept clean of blood.  (e)  The  illumination  of the  exposed  brain 
tissue is kept to a  minimum. 
Once the explant is in the culture tube, nutrient fluid at 371/~°C is added to a level 
half-way up the cellulose sponge. One ml.  of pure warm carbon dioxide is added to 
the atmosphere around the explant before the rubber stopper is inserted into the tube, 
to allow the replacement  of carbon dioxide driven out of the  nutrient  fluid during 
autoclaving.  Within  a  day  the  level  of  carbon  dioxide  in  the  atmosphere  tube 
returns to its original level. A. W. B. CUNNINGHAM  Spontaneous  Potentials  from Brain  Tissue in Culture  ~o6  9 
RESULTS 
Each of the following aspects of the behavior of the potentials was observed on 
repeated occasions and the same responses were obtained on at least nine out 
of each ten occasions when each experiment was done.  Controls  (active brain 
tissue killed by temperatures  of 50°C)  never  showed any  response to the ex- 
perimental  procedures  which were used. 
FIGURE 4.  Graphic representation of the behavior of the spontaneous potentials from 
an explant of 14 day chick embryo telencephalon during its 4th day in culture (the same 
explant as in Fig. 3). Ordinate, broken line starting at A, the points represent the number 
of impulses in each  of the  consecutive groups of spontaneous potentials. Broken line 
starting at B,  the  points represent the duration in seconds  of each of the consecutive 
groups of impulses. Broken line starting at C, the points represent the time in seconds 
between consecutive groups of impulses. Abscissa,  each small division represents one of 
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"Normal"  Behavior  of Potentials 
After  6  to  24 hours  in  vitro,  spontaneous  potentials  begin  to appear  (Fig.  2) 
and,  following  a  short  initial  period  of irregularity,  they  occur  in  definite 
repetitive  groups  (Fig.  3).  Each  group  of potentials  has  approximately  the 
same form, duration, and number of component deflections (which seem to be 
characteristic  for telencephalic  explants).  Under the basic experimental  con- 
ditions these potentials range in magnitude from 5 to 400 microvolts  (usually 
about 20 microvolts)  and  have a  duration  of more than  25 milliseconds  (Fig. 
FIGuge 5.  The effect on the spontaneous potentials from an explant of 15 day chick 
embryo  telencephalon  (3rd day in  culture)  of increasing the  oxygen content  of the 
atmosphere around the explant by injecting pure oxygen at the same temperature. This 
was done at point A. X axis, each major division equals 20 seconds. Y axis, full scale 
deflection equals 38 microvolts. 
2).  Occasionally the interval  between consecutive groups of impulses is short 
or  absent  so  that  the  "spindle"-shaped  groups  of deflections  run  into  each 
other and at slow paper speeds the tracing seems continuous  (Figs.  7 and  8). 
The  striking  regularity  of the  behavior  of the  spontaneous  potentials  is 
illustrated  in  Fig.  4.  The  dots  composing  the  line  opposite A  represent  the 
number of impulses in each consecutive group during a  part of the 4th day in 
vitro. The dots forming the line opposite B represent the duration in seconds of 
each of these consecutive groups of impulses.  The points opposite C represent 
the time interval  between consecutive groups  of impulses.  When  an explant 
has been in vitro for as long as 7 or 12 days, there is simplification of the pattern 
and lessening of the frequency of impulse production. Histology of the explants 
which produced spontaneous potentials for as long as  14 days, shows the pres- A. W. B. CUNmNGHAM  Spontaneous Potentials from Brain  Tissue in Culture  ~o7~ 
ence of all the cells expected in embryonic  chick telencephalon  in a state of 
apparent  health. 
As  already noted, the phenomenon  of spontaneous potential  production is 
not  the  result  of  amplifier  or  recorder  artifact.  Since  essentially  similar 
sequences of potentials are obtained with electrodes of differing composition 
the  phenomenon  is  not  the  result  of chemical  reactions  between  the  brain 
material and the electrode. 
FIoug~ 6.  The effect  on the spontaneous potentials from an explant of telencephalon 
of a 15 day chick embryo (3rd day in culture) of raising the carbon dioxide content of the 
atmosphere around the explant by injecting 4 per cent carbon dioxide at the same tem- 
perature. This was done at point A.  At point B  the original atmosphere was largely 
reconstituted by injection of warm air at the same temperature.  X  axis,  each major 
division represents 20 seconds. Y axis, full scale deflection equals 38 microvolts. 
FIotr~ 7.  The effect of increasing the nitrogen content of the atmosphere surrounding 
an explant of 15 day chick embryo telencephalon (3rd day in culture) on the spontaneous 
potentials from the explant. Seven cc of nitrogen at 37°C was injected into the culture 
tube (whose capacity was 7 cc)  at the point A. The delayed response of increased then 
decreased  magnitude of potentials can be seen at B.  Ten cc of air at 37°C was used 
to displace the  greatest part of the  nitrogen at C and D  and this was followed  by a 
return of the potentials to  the normal magnitude. X  axis,  each major division repre- 
sents 20 seconds. Y axis, eight major divisions represent 30 microvolts. IO72  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  "  VOLUME  45  '  I962 
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Alteration of the Normal Constituents of the Atmosphere Around the Explant 
Replacement of the greater  part of the atmosphere around  the explant by 
careful injection of warm air (with the usual 0.4 per cent carbon dioxide con- 
tent and with this removed) causes, at most, a slight reduction in the size of the 
potentials. Raising the oxygen content of the atmosphere around the explant 
by injection of pure warm oxygen causes an increase in the magnitude of the 
spontaneous potentials  (Fig.  5).  Increasing the carbon dioxide content of the 
atmosphere around an explant by an injection of warm 4 per cent COs in air 
causes a  suppression of spontaneous potential production (Fig.  6).  This sup- 
pression is relieved when the carbon dioxide content is once more lowered by 
a further injection of warm air  to approximate the original composition of the 
atmosphere. Fig. 7 illustrates the response of spontaneous potential production 
to an increase in the nitrogen content and decrease in  oxygen content of the 
atmosphere around the explant by injecting  warm nitrogen. After a  slight 
delay, there is an increase then a decrease in potentials. When the nitrogen is 
largely replaced by injecting warm air,  the potential production returns to 
normal. The delay before any change in potential production probably repre- 
sents the time taken for the brain tissue to use the oxygen still available in the 
tissues. The increase in potentials at  the beginning of the response and the 
subsequent drop  in  potentials were probably due  to  lack of oxygen,  since 
absence of carbon dioxide from the atmosphere had no apparent effect on the 
potentials. 
Effect of Barbiturates 
Fig. 8 shows the effect of a small concentration of three different barbiturates 
(phenobarbital,  pentothal,  nembutal)  on  the  spontaneous  potentials  from 
explants of telencephalon in culture. On each occasion there is amarkedreduc- 
tion in the magnitude of the potentials. In the case of pentothal the effect was 
delayed  (possibly the active focus may have been deeper inside the explant) 
and the suppression was permanent. 
DISCUSSION 
The effects of temperature (16), anesthetics (14), and strychnine and brucine 
(15)  on the spontaneous potentials from similar explants have already been 
published and are briefly as follows :- 
The  frequency  of  potential  production  from  15  day  chick  embryo 
telencephalic explants falls with a  drop in temperature and  increases with 
temperature rise to 40°C at which level it remains steady; then it falls and 
then ceases permanently between 42.5 and 45 °. The average magnitude of po- 
tential per unit of time  (measured planimetrically from the paper strip re- 
cording) follows a similar course as a result of this temperature change but the ~o74  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  45  "  ~962 
amount of potential  per deflection shows a  definite cyclic variation  with a 
period of 4  minutes. The 0,~0 for the change in the frequency of these spon- 
taneous potentials from 29 to 39°C is 2.7, that for the change in magnitude of 
the potentials from 29 to 39°C is 1.5, and that for the amount of potential per 
deflection for the same temperature change is 1.79. 
Chloroform, divinyl, or diethyl ether vapor causes an initial increase of po- 
tentials (a period of excitement) followed by suppression of potential produc- 
tion. When the anesthetic is replaced by the original atmosphere, normal po- 
tential production resumes. 
Four micrograms per ml of strychnine in the nutrient fluid causes a charac- 
teristic increase in magnitude of spontaneous potentials from explants of 15 
day chick embryo telencephalon. 
Two hundred micrograms per ml of brucine in the nutrient fluid causes an 
increase  in  potential  production  (similar  to  that  due  to 4  micrograms of 
strychnine per ml) which is antagonized by the addition of barbiturate. 
From the above it is evident: 
1.  That since the potentials occur in a  definite repetitive pattern they are 
not random artifacts. 
2.  That since they occur with different amplifier and recording systems of 
sufficient power they are not artifacts arising in the amplifying and recording 
apparatus. 
3.  That since they occur with a variety of electrodes of  different composition 
they are not the result of chemical reactions between the  electrode and  the 
brain material. 
4.  That  since  the  potentials  do  not  arise  from  the  controls  (dead  brain 
tissue killed by prolonged exposure to temperatures over 50°C in an identical 
in vitro experiment) they are not the result of the presence of the inanimate 
materials (glass, sponge, etc.) in the tube. 
5.  That since the potentials continue regularly and in a definite pattern for 
as long as 14 days in vitro and, at the end of this time, microscopic examination 
shows the presence of histological appearances usually accepted as being those 
ot living "healthy" cells of all the usual types in the explant, it is unlikely that 
these potentials are due to the death of cells. Also, it is unlikely that the rate of 
death of cells would respond  to changes in  the  atmosphere and  to  the  ad- 
ministration of drugs in the manner illustrated above. 
6.  The response to changes in the atmosphere and to the administration of 
drugs  makes it  unlikely that  the  potentials  are  due  to  mitotic  activity,  al- 
though minimal tissue proliferation does occur. 
7.  That since the potentials occur in a  definite repetitive pattern and have 
the time parameters detailed above, it is very unlikely that they are due to the 
movement of cells. 
8.  That since there is  a  difference in the pattern  of potential  production A. W. B. CUNNINGHAM Spontaneous  Potentials  from Brain Tissue in Culture  xo75 
from explants of different areas of the brain (2-8), it is unlikely that they arise 
as a  result of ciliary action.  In any case potentials have been recorded from 
explants which, histologically, contain no cilia. 
9.  That the response to temperature variation, to changes in the atmosphere 
around the explant, to the addition of anesthetic gases, and the lack of poten- 
tials from control material suggest that the telencephalie potentials arise as a 
result of a living process. 
10.  That since the changes brought about by the administration of drugs to 
the explants are those that would be expected in a  vital activity of nervous 
tissue, the potentials reflect functional responses of telencephalic cells. 
11.  That since the explants are not infected, the potentials cannot be due to 
microorganismal activity. 
Thus, it can be said that the above material shows that spontaneous poten- 
tials arise in explants of brain tissue in culture, that they represent a true physi- 
ological phenomenon, they arise as a result of a living process and are not arti- 
facts. They respond to changes in their environment and the administration of 
drugs in such a  way as to suggest strongly that they arise in vital functional 
cells of the explant of brain tissue. 
This work was done under United States Navy Contract NONR 1598 (04). 
Dr. Chou-luh Li, Associate Neurosurgeon for the National  Institute of Neurological Diseases  and 
Blindness, and Dr.  Harold Hillman, of the Institute of Psychiatry,  Maudsley  Hospital, London, 
England,  have confirmed  independently the  occurrence of  spontaneous  potentials  (similar  to those 
reported above) from cxplants  of  chick embryo tclcnccphalon  and demonstrated the presence of 
resting membrane  potentials  in these cxplants using  the cultural  techniques and  apparatus 
described  above. 
Reeeived  for publiration,  December 13,  1961. 
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